*, per mole of solvent and solute, respectively, and ΔH * and ΔS * were also evaluated. The linear variation of 4 v 0 and B-coefficient with the number of carbon atoms in the alkyl chain of amino acids was utilized to determine the respective contributions of (NH 3 
Introduction
Salt solutions produce structural modifications in proteins and properties like solubility, denaturation, activity of enzymes are also greatly affected [1, 2] . The interactions occurring between proteins and salts are difficult to predict due to the complex protein structure. Amino acids which are the building blocks of protein are used as model compounds to study the effect of these electrolytes [2] [3] [4] [5] . Therefore, study of thermodynamic properties of amino acids can provide valuable information regarding the conformational stability and interactions of proteins in solutions.
A number of workers have studied the volumetric and viscometric properties of amino acids in aqueous solutions containing simple electrolytes having smaller cations of hydrophilic nature with weak structure-making.-breaking capabilities [6] [7] [8] [9] [10] . While such studies on amino acids in aqueous tetraalkylammonium salts having bulky cations (R 4 N + ), which show strong structure-making capabilities are very few [11, 12] . Further, tetraalkylammonium salts constitute a class of electrolyte, which show peculiar properties in aqueous solutions. The aqueous solutions of these salts have been found to give high viscosities [13] , apparent molar volume [14] , high apparent molal heat capacities [15, 16] and peculiar activity coefficients [17] .
The bulky tetra-n-alkylammonium ions (R 4 N + ) are considered as good models for the study of hydrophobic interactions, since such interactions play important role in the biological systems. These considerations led us to investigate the volumetric and viscometric properties of the above cited amino acids in aqueous tetramethylammonium bromide (TMAB) solutions.
In the present study, densities and viscosities are reported for L-serine (Ser), The results are interpreted in terms of solute-solute and solute-solvent interactions occurring in the system under investigation and also in terms of structure-making.-breaking ability of solute in these salt solutions.
Experimental

Materials
The amino acids selected for the present study are L-serine (mass fraction > 0.98), L-threonine (mass fraction > 0.985), L-glutamine (mass fraction > 0.99), L-arginine (mass fraction > 0.98), and L-histidine (mass fraction > 0.99), purchased from Thomas Baker (Chemicals), India and L-lysine (mass fraction > 0.99) from S. D. Fine Chemicals Ltd., India. The amino acids were used after recrystallization from (ethanol + water) mixture and dried over P 2 O 5 in a dessicator for about 72 h before use. The tetramethylammonium bromide of extra pure analytical reagent grade was purchased from Acros Organics, Belgium, and was used after recrystallization to attain maximum purity and then dried in vacuum. Solutions were prepared on the molality basis. Aqueous tetramethylammonium bromide solution of 0.20 m concentration was prepared and was used as solvent to prepare 0.05, 0.10, 0.15, 0.20, and 0.25 m ternary solutions of Ser, Thr, Gln, Lys, Arg, and His. The water used for the preparation of all the solutions was doubly distilled and deionized. The solutions were stored in special airtight bottles to minimize absorption of moisture and carbondioxide. The weighings were done on Precisa XB -220 A electronic balance (Swiss make) précised up to ±0.0001 g.
Instrumental
The densities of the solutions were measured at 298.15, 303.15, 308.15, and 313.15 K using single stem pycnometer with bulb capacity 8!10 -6 m 3 with graduated marks on the stem and having a well-fitted glass cap. The marks on the stem were calibrated using doubly distilled water. The pycnometer was kept for about 25 min in an electronically controlled thermostated water bath (Julabo, Model: MD GMBH Germany) (±0.02 K). The position of the liquid in the capillary was noted. For the measurement of viscosity Ubbelohde-type suspended level viscometer [13] was employed. The viscosities were averaged from three readings for each solution. All the necessary precautions were taken during the measurements of density and viscosity. The accuracies in r and η measurements were found to be ±0.01 kg m -3 and ±3!10
, respectively.
Results and discussion
Volumetric Analysis
The density and viscosity data measured for the solutions of amino acids in aqueous TMAB at 298.15, 303.15, 308.15, and 313.15 K are listed in Table 1 . The density data was used to compute apparent molar volumes, 4 v , using the relation: (1) where m and M are the molality and molecular weight of the amino acid, and r and r 0 are the respective densities of ternary solution and binary solvent. The values of 4 v are tabulated in Table 2 . 4 v is found to be a linear function of molality, m of the amino acids in the concentration range studied. An increase in 4 v with molality of amino acids suggests that solute-solvent interaction increases with the increase in the amount of the amino acids in the solution. The partial molar volume, 4 v 0 , at infinite dilution is obtained by the computerized least-squares fitting to the equation (2) where 4 v 0 is the apparent molar volume of amino acid at infinite dilution and S v * is the experimental slope which is also considered as the volumetric pairwise interaction coefficient [14, 15] . The 4 v 0 reflects the presence of solute-solvent interactions, whereas, S v * is indicative of solute-solute interactions. The values of 4 v 0 and S v * are reported in Table 3 . Table 3 reveals that 4 v 0 are positive for all the amino acids and increase with increase in temperature, indicating the presence of strong solute-solvent interactions which increase as the temperature of the solution increases. The increase in 4 v 0 with temperature may be attributed to the reduced electrostriction of water due to zwitterionic groups of the amino acids. This is supported by the findings of Wen and Saito [14] and Yan et al. [18] on the studies of amino acids in aqueous electrolyte solution. The order of increase in 4 v 0 is Ser < Thr < Gln < Lys < Arg < His This shows that, in general, 4 v 0 values increase with the increase in molar mass of the amino acids, as also reported by Kumar [19] .
The interactions in the ternary solution (amino acid + aqueous TMAB) can be classified into:
(a) ion-ion interactions between (CH 3 ) 4 N + group of TMAB and COO -group of amino acids and between Br -of TMAB and NH 3 + of amino acids. 0.8150 ---(a) Ref. [23] .
(b) Ref. [24] . Table 3 . The partial molar expansibility, 4 E 0 provides information regarding the size of the solute and its hydrophobicity. For example, Table 3 shows that Ser being the smallest molecule among the amino acids studied (molar mass = 105.1 g mol , respectively. This is due to the fact that Lys being more hydrophobic than Gln has higher expansibility value. Such a correlation of expansibility, 4 E 0 with the size and hydropobicity of the solute, amino acids as in the present study, has also been reported by others [21] .
Another useful thermodynamic relation, proposed by Hepler [22] which provides qualitative information on structure-making or -breaking ability of a solute in aqueous solution is: for structure-breaking solutes should be negative, whereas, for structure-making solutes it should be positive [20, 22] .
Hence, negative (∂ Table 3 , indicate that all the amino acids in aqueous TMAB behave as structure-breakers. This is in good agreement with the views suggested by others [20, 22, 23] . The standard partial molar volumes of transfer, 4 v 0 (tr) , at infinite dilution from water to aqueous TMAB solution have been evaluated from 4 v 0 data, using the relation: Table 3 . The values of 4 v 0 (water) for the amino acids studied, except its value for L -gln which was not found in the literature, at the available temperature 298.15 K were taken from the reported values [8, 23, 24] . It is found that Lys and His have positive 
Viscometric analysis
The viscosity data was successfully analyzed by Jones-Dole equation [27, 28] : (6) where η r is the relative viscosity, m is molal concentration, η and η 0 are the viscosities of ternary solutions (amino acid + aqueous TMAB) and solvent (aqueous TMAB), respectively. A, the Falkenhagen coefficient, represents the solutesolute interactions associated with the size and shape of solute. The significance of A is not fully understood due to lack of adequate knowledge [25] . The JonesDole coefficient, B, reflects the effect of solute-solvent interactions on the solution viscosity. The viscosity coefficients, A and B, were obtained from the intercepts and slopes of the plots of (η r -1).m * was calculated using the relation proposed by Eyring and co-workers [29] : (7) where h, N A , and V 1 0 are the Planck's constant, Avogadro's number, and partial molar volume of the solvent, respectively. R, the universal gas constant and T is the temperature. The rearrangement of equation (7) Table 4 . It is observed from Table 4 in temperature, which is due to the greater thermal agitation and reduction of attractive forces between the ions [31] .
The sign of ∂B / ∂T is a more straight forward indicator of the structuremaking or -breaking ability of a solute rather than the sign or size of B-coefficient [30] . The structure-makers will have negative ∂B / ∂T values while structure-breakers will have a positive ∂B / ∂T values [32, 33] . The variation of B with T is depicted graphically in Fig. 1 . From Fig. 1 it is revealed that ∂B / ∂T is positive for all the amino acids studied. Thus, all the amino acids in the present study act as structure-breakers. These conclusions are in excellent agreement with that drawn from S v * and (∂
It is evident from Table 4 that the values of Δμ 2 0 * are greater than Δμ 1 0 *, indicating that amino acid-solvent interaction in the ground state is stronger than in the transition state. The Δμ 2 0 * increases in the order Ser < Thr < Gln < Lys < Arg < His. This implies that the amino acids having longer alkyl chain require more energy in transferring from ground to transition state. Therefore, more solute-solvent bonds are broken to form the transition state. Similar results have also been reported for glycine, alanine, and valine in aqueous urea solutions [20] and also for glycine, alanine, serine and valine in aqueous glucose solutions [32] .
The free energy of activation of viscous flow of solution, Δμ 0* was evaluated from the relation: (11) where n 1 and n 2 are the respective number of moles of binary solvent and solute. The calculation of enthalpy, ΔH*and entropy, ΔS* of activation of viscous flow was done using the equation (12) The ΔH*and ΔS* were deduced from linear plots of Δμ 0* vs. temperature. ΔH* gives the structural information of the solute species, whereas, ΔS* provides information regarding solute-solvent interactions. The results are shown in Table 5. Table 5 shows that ΔH*of all the ternary solutions decrease with increase in amino acid concentration, suggesting that the formation of activated species necessary for viscous flow appears easy as the amount of amino acid increases in the solution. The negative ΔS* values are obtained for all the amino acids and decrease with concentration of amino acid, suggesting that during the viscous flow the system is more structured than in the initial state. This reports the presence of significant solute-solvent interactions in the systems under study.
Group contributions
The most useful information can be obtained from volumetric and viscometric data by separating the respective contributions of (NH (15) The contribution of OH group of Ser and Thr was calculated by using the equation (16) The results are reported in Table 6 .As can be seen from Table 6 
